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1.  Introduction: 


We  have  proposed  to  determine  whether  overexpression  of  survivin  results  in  radioresistanee  and  the  possible 
effeets  on  eell  death  meehanisms. 

2,  Body: 

To  aoeomplish  the  proposed  studies:  we  have  the  following  Statement  of  Work  for  the  first  12  months: 

Task  1.  To  determine  whether  overexpression  of  survivin  results  in  radioresistanee  and  the  possible 
meehanisms  (Months  1-9): 

We  have  shown  survivin  overexpression  leads  to  radiation  resistanee  as  demonstrated  in  referenee  1 . 

Task  2.  To  determine  whether  irradiation  downregulates  p34CDC2  and  its  meehanism  in  vaseular 
endothelium  and  whether  CDK  inhibitors  sensitize  it  to  radiation  injury.  (Months  9-19): 

Our  preliminary  data  showed  that  inhibitors  of  survivin  and  CDK  result  in  synergistie  radiosensitization. 

Task  3.  To  determine  the  meehanism  of  survivin  deregulation  in  breast  eaneer  and  whether  inhibition  of 
survivin  or  its  regulator,  p34CDC2  abolishes  radioresistanee.  (Months  20-28): 

We  found  that  deregulation  of  survivin  in  breast  eaneer  is  mediated  by  Stat3.  We  also  found  that  mTOR 
inhibitors  radiosensitize  breast  eaneer  via  induetion  of  autophagy.  Co-inhibition  of  survivin  and  its  partner, 
aurora  B  indueed  mitotie  arrests  and  radiosensitization. 

Task  4.  To  determine  the  biologieal  signifieanee  of  eombining  survivin  inhibitors  or  CDK  inhibitors  with 
radiotherapy  in  xenograft  models  of  breast  eaneer  (Months  29-36) 

These  experiments  are  ongoing. 

Results  Obtained:  Please  see  the  attaehed  results. 


3,  Key  Research  Accomplishments: 

1 .  Survivin  overexpression  leads  to  radioresistanee. 

2.  Inhibitors  of  survivin  and  CDK  result  in  radiosensitization. 

3.  Stat3  mediates  deregulation  of  survivin  in  breast  eaneer. 

4.  mTOR  inhibitors  radiosensitize  breast  eaneer  via  induetion  of  autophagy. 

5.  Co-inhibition  of  survivin  and  aurora  B  induees  mitotie  arrests  and  radiosensitization. 

4,  Reportahle  outcomes: 

1.  Kwang  Woon  Kim  and  Bo  Lu.  Stat3  mediates  transeriptional  downregulation  of  survivin  following 
irradiation,  (aeeepted  by  Moleeular  Caneer  Therapeuties,  2006). 

Abstraet:  Stat3  and  Survivin  are  eonstitutively  upregulated  in  various  human  tumor  eells.  We  previously 
found  Survivin  to  be  signifieantly  redueed  in  response  to  radiation  in  human  umbilieal  vein  endothelial  eells 
(HUVECs),  but  not  in  tumor  eell  lines.  In  this  study,  we  examined  the  effeet  of  Stat3  on  Survivin  expression 
in  irradiated  HUVECs  and  breast  eaneer  eells.  In  HUVECs,  we  manipulated  Stat3  levels  using  various 
adenovirus  veetors  overexpressing  aetive  or  dominant-negative  Stat3.  Stat3  aetivation  and  Survivin  levels 
were  examined  by  western  blotting.  Clonogenie  and  endothelial  morphogenesis  assays  were  used  to 


determine  cell  survival  and  angiogenesis  following  irradiation  and  inhibition  of  either  Stat3  or  Survivin. 
Survivin  was  significantly  increased  by  over-expression  of  an  active  Stat3  (Stat3-C).  Following  irradiation, 
the  level  of  phosphor-Stat3  Tyr-705  but  not  phospho-Stat3  Ser-727  was  reduced  in  HUVECs  whereas  it 
remained  unchanged  in  irradiated  breast  cancer  cells.  Correspondingly,  Stat3  DNA-binding  activity 
following  irradiation  was  specifically  down-regulated  in  HUVECs  but  not  in  breast  cancer  cells.  Mutation 
of  Tyr-705  abolished  radiation-induced  downregulation  of  Survivin.  Clonogenic  and  endothelial  cell 
morphogenesis  assays  suggested  that  DN-Stat3  and  DN-Survivin  together  resulted  in  the  greatest 
radiosensitization  of  MDA-MB-231,  decreasing  angiogenesis  and  cell  survival.  In  conclusion,  Stat3 
modulates  Survivin  and  both  are  potential  therapeutic  targets  for  radiation  sensitization  in  breast  cancer. 
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I).  Regulation  of  Survivin  by  STAT3. 

To  deteiinuie  whether  STAT3  regulates  the  expression  of  smwivm  in  HUVEC  cells,  we 
transduced  HU\TCs  with  adenovuns  vector  (pAdC]VI\'pLpA(-)loxp-SSP)  or  adenovuiis 
overexpressiiig  antisense  STAT3-C  as  a  negative  contiol.  Adenovinises  overexpressing 
constitutively  active  STAT3-C,  or  DN  STAT3  (Y705F)  were  used  to  increase  or  to  decrease 
Stat3  activity,  respectively.  Fig.  1  shows  the  autoradiograph  of  Western  inununoblots.  Survivin 
proteirr  level  was  rrrarkedly  elevated  irr  the  cells  followirrg  overexpressiorr  of  STAT3-C. 
However,  survivirr  was  rrot  irrdrrced  irr  the  cells  mfected  with  rregative  corrtrols.  DN  STAT 
3(Y705F)  redirced  the  level  of  phospho-Stat3  Tyr'  705  as  well  as  the  expression  of  sruvivirr. 


1(IOPFU/c«)l 


Figtrre  1.  STAT3  regulated  survivin 
protein  in  HUVECs.  HUVECs  were 
trarrsdirced  with  adenovhal  vector  control 
(NCV),  adenovinrses  overexpressing 
STAT3C,  antrsense  STAT3C  or  DN  STAT3 
(Y705F).  After  24h  of  irrfectiorr.  the  cells 
were  harvested  arrd  fifty  rrricrograrrr  total 
proteirrs  per  larre  were  loaded  orr  15‘’  b  SDS- 
PAGE  arrd  srrbjected  to  Western  blot 
analysis  rrsing  varioirs  arrtibodies.  Actin  was 
probed  to  derrrorrstrate  eqiral  loadirrg. 


II).  Irradiation  attenuates  the  active  fornr  of  phospho-Tyr  705  STAT3. 

To  exarrririe  whether  inadiation  affects  the  activation  of  STAT3,  HUV'EC,  MDA-MB-231  and 
MCF-7  breast  carreer  cells  were  irradiated  with  3Gy  arrd  harvested  at  0,  30,  60,  arrd  240rrrirr. 
Western  blot  analysis  was  perforrrred  rrsing  antibodies  agamst  phospho-Tyr  705  STAT3, 
phospho-Ser  727  STAT3  arrd  total  STAT3.  As  shown  in  Fig.  2A.  phospho-Tyr'  705  STAT3  was 
reduced  at  30rrrin  and  slowly  recovered  at  240rrrirr  in  HUVECs.  However,  inadiation  did  not 
charrge  the  level  of  phospho-Ser  727  STAT3  in  HUWTCs.  (Fig  2B)  To  detennirre  whether 
inadiatiorr  affects  STAT3  activatiorr  by  growth  factors,  we  exarrrirred  the  effect  of  inadiatiorr  on 
STAT3  phosphorylatiorr  followirrg  pre-treatrrrent  of  EnUV'EC  cells  with  epidenrral  growth  factor 
(EGF).  Surce  STAT3  is  activated  by  EGF  signalurg  (22),  HUVEC  cells  were  pre-treated  with 
EGF  prior  to  be  sirbject  to  either  0  or  3Gy.  Sturrirlation  with  EGF  resirlted  irr  an  increased  level  of 
phospho-Tyr'  705  STAT3  whereas  inadiatiorr  followirrg  the  EGF  treatment  redrreed  the 
phosphorylation  of  T>t  705  STAT3.  However,  phospho-Ser  727  STAT3  levels  showed  rro 
change  following  either  EGF  or  uradiation  (data  rrot  shown). 
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Figure  2.  Radiation  reduced 
phospho-Tyr  705  STAT3,  not 
phospho-Ser  727  STAT3  in 
HUVECs. 

HUVECs  cells  were  inadiated  with 
3Gy.  microgiam  total  proteins 
per  lane  were  iiiiimmoblotted  for  p- 
STAT3.  (Tyr  705  and  Ser  727)  and 
total  STAT3.  A:  p-STAT3  (Tyr705), 
B:  P-STAT3  (Ser  727)  C:  Radiation 
interfered  with  EGF-iiiduced  tyiosiiie 
phosphorylation  (Tyi'  705)  of  STAT3 
ui  the  HETVTCs. 


In  the  breast  cancer  cells,  both  phospho-Tyr  705  STAT3  and  phospho-Ser  727  STAT3 
levels  were  not  significantly  altered  by  inadiation.  (Fig.3) 


Figure3.  Radiation  does  not 
affect  STAT3  in  breast 
cancer  cells.  MDA-MB-231 
and  MCF-7  breast  cancel- 
cells  were  inadiated  with 
3Gy.  Total  cell  lysates  were 
extracted  at  indicated  time 
points.  Fifty  microgram  total 
proteins  per  lane  were 
innmuioblotted  for  p-STAT3 
(Tyi-  705  and  Ser  727)  and 
total  STAT3.  A:  MDA-MB- 
231,  p-STAT3  (Tyr705)B: 
MDA-MB-231,  p-STAT3 
(Ser  727)  C:  MCF-7,  p- 
STAT3  (Tyr705)  D;  MCF-7, 
P-STAT3  (Ser727). 
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III).  Radiation  reduced  DIS’A  binding  activity  of  STAT3  in  HI'VECs: 

To  determine  whether  dephosphoiylatiou  of  STATS  affects  DNA-bindmg  activity,  we  inadiated 
HUVECs  with  3  Gy.  STATS  DNA  binding  activity  was  detemiined  via  electrophoretic  mobility 
shift  assay  (EMSA)  usmg  lOug  nuclear  protein  and  a  32-P-labeled  oligonucleotide  probe 
contaming  a  consensus-binding  motif  for  STATS.  As  shown  in  Fig.  4,  STATS  activity  was 
reduced  at  SOmin  and  had  sliglit  recoveiy  at  240  min  after  irradiation.  Consistent  with  Western 
blot  analysis  of  the  attenuated  phospho-Tyr  705  STATS  (Fig.2A),  tliis  result  also  suggests  that 
inadiation  iuliibited  DNA  buiding  activity  of  STATS  in  HUVEC  cells. 


Cold  probe 


Figure  4.  Radiation 
reduced  DNA  binding 
activity  of  STATS  in 
HlAECs. 

HETVTC  cells  were  madiated 
with  SGy.  Nuclear  extracts 
were  prepared  at  indicated 
time  points.  5ug  of  nuclear 
extracts  were  used  for 
mobility  sliift  assay. 
Competitor  assay  was  also 
jerfoiined  using  specific 
cold  probe. 


IV).  Mutation  of  Tyr  705  in  STATS  abolished  radiation-induced  downregulation  of 
survivin: 


To  determine  whether  dephosphoiylatiou  of  STATS  Tyi'  705  is  essential  for  radiation-induced 

dorvmegulatiou  of  sui"vivin.  we  obtamed  human  maimnaiy  epithelial  cells  overexpressing  either 

wild  type  STATS  or  Y705F  STATS  mutant  from  our  collaborator.  As  shown  in  Figure  5, 

siu'viviu  protem  level  decreases  in  wild  t^pe  cells  whereas  it  remained  unchanged  in  mutant  cells 

following  uradiation.  Tliis  result  suggests  that  Tyr  705  of  STATS  is  essential  for  radiation- 

mediated  dowmesulation  of  suivivin.  T-  -»«-  r  OT  . -ri,  • 

Figure  5.  Tvr  70^  of  STATS  is 

Y705F  essential  for  radiation-induced 

downregulation  of  survivin. 

I  I  HMEl  cells  stably  transfected 

0  6  12  (h)  with  WT  STATS  or  Y705  STATS 


WT  STAT3 

I - 1 
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expression  plasmids  were  treated 
with  SGy.  Protein  extracts  were 
collected  at  0,  6  and  12hi' 

following  inadiation.  Siuv’ivin 
and  beta-actin  were  probed  by 
western  analyses. 
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V).  Combined  inhibition  of  STAT3  and  survmn  increases  radiation  sensitization  in  MDA- 
MB-231  and  MCF-7  breast  cancer  cells. 

To  detemiiue  whether  combmed  inhibition  of  both  STAT3  and  sinwivui  sensitizes  MDA-MB- 
231  and  MCF-7  breast  cancer  cells  to  radiotherapy,  clonogenic  assays  were  performed  and  are 
shown  in  Figiue  6.  As  shown,  cells  transfected  with  ASO  against  STAT3  or  ASO  against 
sinwivin  had  less  suiwiving  colonies  as  compared  to  the  cells  hansfected  by  the  control  oligo 
(MS).  Also,  inhibition  of  STAT3  resulted  in  less  siuAdval  than  inhibition  of  suiwivin. 
Furthermore,  STAT3  ASO  combined  with  suiwivin  ASO  showed  the  greatest  radiosensitization 
of  both  MDA-MB-231  and  MCF-7  breast  cancer  cells,  although  STAT3  ASO  alone  also  showed 
strong  radiosensitizing  activity.  Therefore,  these  results  suggest  that  STAT3  and  suiwivin  could 
be  impoilant  targets  for  euliancing  radioseusitization  in  breast  cancer  cells. 
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Figure  6.  Combined  inhibition  of  STAT3  and  survivin  increases  radiation  sensitization  in 
breast  cancer  cells 

MDA-MB-231  and  MCF-7  breast  cancer  cells  were  transfected  with  either  nothing  or  MS  control 
oligo  (lOOinM)  or  ASO  sm'vivin  (lOOiiiM),  ASO  STAT3  (lOOniM)  ASO  STAT3  (50mM)  mixed 
with  ASO  siu-vivin  (50mM).  They  were  then  treated  with  0,  2,  4  or  6  Gy.  After  10  days  colonies 
were  stained  and  scored.  Data  is  shown  as  the  mean  +/-  SD. 
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2.  Jeffrey  M.  Albert,  Kwang  Woon  Kim,  Carolyn  Cao,  and  Bo  Lu.  Targeting  the  Akt/mTOR  pathway  for 
radiosensitization  of  breast  eaneer.  Moleeular  Caneer  Therapeuties  May  1,  2006;  5  (5).  ):  11 83-9 
(published). 

Abstraet:  The  PI3K/Akt  pathway  is  known  to  be  aetivated  by  radiation.  The  mammalian  target  of 
rapamyein  (mTOR)  is  downstream  of  Akt,  and  we  investigated  the  effeets  of  radiation  on  Akt/mTOR 
signaling  in  breast  eaneer  eell  models.  RADOOl  (everolimus),  a  potent  derivative  of  the  mTOR  inhibitor 
rapamyein,  was  used  to  study  the  effeets  of  mTOR  inhibition,  as  the  role  of  mTOR  inhibition  in  enhaneing 
radiation  remains  unexplored.  RADOOl  deereased  elonogenie  eell  survival  in  both  breast  eaneer  eell  lines 
MDA-MB-23 1  and  MCF-7,  though  the  effeet  is  greater  in  MDA-MB-23 1  eells.  Irradiation  indueed  Akt  and 
mTOR  signaling,  and  this  signaling  is  attenuated  by  RADOOl .  The  radiation- indueed  signaling  aetivation  is 
mediated  by  PI3K,  sinee  inhibition  of  PI3K  with  LY294002  inhibited  the  inerease  in  downstream  mTOR 
signaling.  Additionally,  easpase-dependent  apoptosis  is  an  important  meehanism  of  eell  death  when 
RADOOl  is  eombined  with  3  Gy  radiation,  as  shown  by  induetion  of  easpase  3  eleavage.  An  inerease  in 
G2/M  eell  eyele  arrest  was  seen  in  the  eombination  treatment  group  when  eompared  to  eontrols,  suggesting 
that  eell  eyele  arrest  may  have  been  a  eontributing  faetor  in  the  inereased  radiosensitization  seen  in  this 
study.  We  eonelude  that  RADOOl  attenuates  radiation-indueed  pro-survival  Akt/mTOR  signaling  and 
enhanees  the  eytotoxie  effeets  of  radiation  in  breast  eaneer  eell  models,  showing  promise  as  a  method  of 
radiosensitization  of  breast  eaneer. 

5.  Conclusions:  We  have  found  that  deregulation  of  survivin  in  breast  eaneer  is  mediated  by  Stat3.  This 
eould  lead  to  radioresistanee.  Inhibitors  of  survivin,  Stat3,  and  mTOR  enhanee  therapeutie  effeets  of 
radiation.  We  will  investigate  biologieal  eonsequenees  of  these  inhibitors  in  animal  models. 
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rapamyein  pathway  for  radiosensitization  of  breast  eaneer.  Mol  Caneer  Ther  2006  5:  1183-1189. 
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double  minute  2  Mol  Caneer  Ther  2006  5;  411-417 


